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1. Introduction

Dismounted Soldiers need to hear what is happening within their immediate surroundings (have
situational awareness), communicate with other Soldiers over radios, and be protected from
hazardous continuous and impulse noise (hearing protection). These three hearing abilities are
essential for dismounted Soldiers and can be seen as conflicting goals for development of such
multipurpose communication devices. Balance must be maintained between hearing protection
and auditory situational awareness, which is often the biggest challenge for a developer. Hearing
protection devices that cover or plug the ears (like earmuffs or earplugs) will provide hearing
protection and good radio communication, but they are likely to reduce the situational awareness
for the individual Soldier. Leaving the ears open allows for good situational awareness but not
protection against hazardous noise. Providing all three aspects within a single device can be very
challenging.

There are several devices available which provide hearing protection yet still allow for adequate
situational awareness and radio communications. These devices are often referred to as
Communications and Hearing Protection Systems (C&HPSs). The U.S. Army needs information
on how these systems function in a militarily-relevant environment in order to determine devices
which should be provided to Soldiers as well as determine appropriate areas for research to
improve the effectiveness of these devices.

In the evaluation of C&HPS, the three auditory aspects need to be evaluated: attenuation
provided for hearing protection, speech intelligibility of radio communication, and auditory
localization as a measure of situational awareness. Sound attenuation can be provided to the user
through passive or active means. Passive attenuation is provided by the mere presence of the
device without any processing of the sound. Active attenuation cancels or reduces the
background noise by introducing a signal which is opposite in phase and time to cancel out the
first sound (Kuo and Morgan, 1999; Oppenheim et al., 1994). Active noise processes are
referred to as active noise cancellation (ANC) or active noise reduction (ANR). A popular
implementation of ANR is in the headphones marketed to frequent fliers for listening to music
on airplanes. ANR reduces low-frequency noise better than high-frequency noise.

The goal of this part of the three-part study was to measure the passive sound attenuation
provided by three in-the-ear C&HPSs using Method A (experimenter fit) of the Real-Ear
Attenuation at Threshold (REAT) procedure (ANSI, 2002). The values obtained are intended to
demonstrate best-case scenario attenuation from the products but will be overestimates of real-
world performance of these devices (Berger, 1986; Franks et al., 2000; Royster et al., 1996). The
attenuation measured by each of the C&HPS will be used to determine which devices will be
used in the other two portions of the study.



2. Methods

2.1 Procedures

Sound attenuation of the passive aspect of the C&HPSs was measured using the REAT
procedure outlined in ANSI S12.6-1997 (R2002) with Method A (experimenter fit). The REAT
procedure measures the subjective attenuation provided by hearing protectors for low intensity
stimuli by measuring thresholds to narrow band stimuli in unoccluded (open ear) versus
occluded (plugged) conditions and calculating the difference in values. REAT is a subjective
measure of attenuation.

All measures were conducted within Building 520 at Aberdeen Proving Ground, MD.
Instrumentation included the three C&HPSs, a plumb bob to maintain the participant’s position
in the center of the room, three Bose 802 Series Il loudspeakers and accompanying amplifiers, a
calibrated GSI* Arrow" audiometer, two Hafler P3000 amplifiers and a response button. The
participant was seated in the center of a reverberant chamber. The loudspeakers were arranged
in the room to create a diffuse stimulus presentation.

Pulsed one-third octave narrow bands of noise were presented over the loudspeakers through the
audiometer at the seven octave frequencies of 125-8000 Hz. Participants pressed a response
button to indicate when the sound was heard. Investigators manually recorded the participant’s
perceptual threshold of hearing and entered the values into a spreadsheet for data analysis.
Thresholds were obtained to the nearest 5-dB increment via an adaptive 10-down, 5-up
methodology (ANSI, 2002).

Unoccluded (open ear) and occluded (three C&HPSs with the power turned off and battery
removed) pairs were tested with the ordering of systems and occluded/unoccluded conditions
counterbalanced across listeners. Batteries were removed from the devices to ensure that no
noise generated by the device or active noise reduction was operational during the test. Each
pair of unoccluded ear and C&HPS trials was repeated in accordance with the ANSI standard
(ANSI, 2002). The measurement of each pair of thresholds took ~20 min for a total of 60 min
for measurements to be obtained from the three C&HPSs.

2.2 Participants

Twelve civilian volunteers between the ages of 21 and 46 (M = 34) participated in the study.

Nine of the volunteers were female and three were male. None of the participants had extensive
prior experience using the C&HPSs. All participants had normal sensitivity defined as pure-tone
hearing thresholds of <25 dB hearing level (HL) at audiometric frequencies from 125 to 8000 Hz

*Grason-Stadler Instruments is a subsidiary of Viasys Healthcare Inc., Madison, WI.
T GSI Arrow is a trademark of Viasys Healthcare, Inc., San Diego, CA.



(ANSI, 2004). All data were collected in compliance with regulations from the Institutional
Review Board at the U.S. Army Research Laboratory. Informed consent was obtained from each
participant prior to their participation in the research study.

2.3 Communications and Hearing Protection Systems (C&HPS)

A review of commercially available C&HPSs yielded several prospective test devices. In order
to be considered for use within the present study, the device had to fit in the ear, provide
situational awareness, be able to connect to radios for radio communication, provide some means
of hearing protection and be designed for the dismounted Soldier. The C&HPSs that were
selected for use in the study were the Sennheiser SLC-110, Nacre QuietPro, and Silynx
QuietOps. A brief description of each system follows.

2.3.1 Sennheiser — SLC-110

The Sennheiser SLC-110 is an in-the-ear ultra-lightweight (<1 0z) headset designed to meet the
communication and hearing protection needs of infantry Soldiers. A picture of the device is
shown in figure 1. The Sennheiser SLC-110 is a product from Sennheiser Government Systems
Corporation which is a division of Sennheiser Electronic Corporation (SEC) headquartered in
Old Lyme, CT. SEC is the wholly-owned US subsidiary of Germany-based Sennheiser
Electronic GmbH & Co, KG. The SLC-110 purportedly provides clear, distortion-free hearing
and speaking in high ambient noise conditions. Hearing protection is provided by a variety of
earplugs and earplug sizes that can be selected by the user. These include single- or triple-
flanged plugs and contoured tips. Situational awareness is enhanced by opening an acoustic port
on the in-the-ear device that bypasses the attenuation of the earplug. With the port open, the user
is protected from impulse and gun-blast noise through a non-linear filter that passes low-intensity
sound. According to the manufacturer, up to 30 dB of attenuation can be obtained for impulse
noise. No information was provided for attenuation of low-intensity sounds. Information for the
system can be obtained from: http://www.sennheiserusa.com/sgs/.

Figure 1. Photo of the Sennheiser SLC-110
system in a manikin ear (from
www.sennheiserusa.com/sgs/pdfs
/SLC_100_specification.pdf).



2.3.2 Nacre AS — QuietPro

The Nacre QuietPro is an in-the-ear digital hearing protector and communication headset
designed for use with military tactical radios and intercom systems. A picture of the device is
shown in figure 2. Nacre AS is a company based in Norway. The QuietPro system uses a digital
signal processor to facilitate automatic, adaptive digital hearing protection through active noise
reduction in addition to its passive attenuation. According to the manufacturer, the QuietPro
helps protect the user’s hearing by attenuating ambient noises and canceling excessive acoustic
peaks and impulses, resulting from nearby running engines, explosions, and gun shots. Using
both passive and active means, Nacre states that QuietPro can achieve 34-42 dB attenuation, but
there is no specification regarding the attenuation provided to low intensity sounds versus that
provided to impulse noise. The device is fit in the ear with disposable Comply™ canal tips that
were specifically designed for use with the QuietPro system. The Comply tips are available in
three sizes: small, medium, and large. Information for the system can be obtained from:
http://www.nacre.no.

Figure 2. Photo of the Nacre QuietPro
system (from armorcorpus
.com/products.html).

2.3.3 Silynx Communications, Inc. — QuietOps

The Silynx QuietOps is an in-the-ear tactical communication headset designed for use by
dismounted Soldiers. A picture of the device is shown in figure 3. Silynx is a Delaware
Corporation whose principal location is in Rockville, MD. The QuietOps allows users to
monitor one or two communications devices simultaneously: two radios or a radio and an
intercom. The device allows the user to determine which communication channel has priority
over the other or the user can program the device to have each communication device going to a
different ear. The QuietOps is fit to the listener’s ear with a compressible foam plug that sits on
to the end of the device. The foam plugs are disposable and come in three sizes: small, medium,
and large. No information is provided from the company regarding attenuation. Information for
the system can be obtained from: http://www.silynxcom.com/.

*Comply is a trademark of Hearing Components, Oakdale, MN.



Figure 3. Photo of the Silynx QuietOps system (from http://www.janes.com/events/exhibitions/dsei2007
[sections/daily/day1/allinone-tactical-headset.shtml).

3. Results

REAT was calculated as the difference between the unoccluded and occluded thresholds with the
pairs of values averaged for each C&HPS. REAT was calculated for each of the seven one-
third-octave frequency bands as outlined in ANSI S12.6-2002. Table 1 shows the average REAT
values and corresponding standard deviations obtained for the three C&HPSs across the seven
frequency bands in the study.

Table 1. Average REAT values and standard deviations for the 12 participants for the three communications
and hearing protection systems.

Frequency
(Hz)
C&HPS 125 250 500 1000 2000 4000 8000
Silynx
QuietOps 175+86 | 17.3+84 | 15.4+9 17.1+94 | 23.8+7.6 27.3+£9.8 | 34.1+13
Nacre
QuietPro 233+8.4 | 246+94 | 254+10.7 | 26.3+85 | 29.2+6.1 319+52 | 37.1+6.5
Sennheiser
SLC-110 3.7+x27 3.3+3.9 52+6.3 8.5+9.6 15+105 | 108+58 | 17.5+11.2

As seen in the table, the C&HPSs differed in the amount of attenuation they provided. The
Nacre QuietPro provided the most attenuation (23-37 dB) followed by the Silynx QuietOps
(15-34 dB). The Sennheiser SLC-110 provided the least amount of attenuation (3-17 dB). For
some of the participants, the attenuation provided by the Sennheiser SLC-110 was 0 dB resulting
in no isolation from the background noise. All three systems provided gently sloping attenuation
across the frequencies tested with more attenuation provided for the high frequencies and less
attenuation for the low frequencies.



4. Discussion

REAT values were measured from three in-the-ear C&HPSs. These devices were selected based
on the criteria requiring a commercially available device that fits in the ear canal, providing
situational awareness, providing a means of radio cation, and providing some degree of hearing
protection. The REAT method is a measure of the change in threshold values with and without
the devices in place. This method establishes the attenuation provided for low intensity sounds,
though no measurements were made of the devices in response to high-level or impulse noises.

Of the three devices tested, the Nacre QuietPro device provided the most attenuation followed by
the Silynx QuietOps. The Sennheiser SLC-110 provides the least amount of attenuation to the
user (including no attenuation at some frequencies for some participants). In addition, variability
in the REAT values was greatest for the Sennheiser SLC-110. The general pattern of attenuation
provided across stimulus frequencies was similar for all three devices. In general, variability
increased as audiometric frequency increased across all three devices.

Method A (experimenter fit) (ANSI, 2002) was used in fitting each of the C&HPS systems. This
is known to provide the best-case scenario or most attenuation when testing REAT on hearing
protection devices (Berger, 1986; Franks et al., 2000; Royster et al., 1996). Previous
investigators have demonstrated that attenuation values measured in the laboratory setting are
often much higher than what is obtained in real-world environments.

The differences seen in attenuation values between the three devices are most likely due to the
seal obtained with the different devices. Clearly, the two devices that used compressible foam
tips resulted in the best seal and therefore the best attenuation. The Sennheiser SLC-110 uses a
soft plastic tip, but the tip did not conform well to the individual users’ ears.

5. Conclusions

Three commercially available C&HPSs were evaluated on their level of laboratory tested
attenuation provided to the wearer based on experimenter fit. The measurement of REAT
documents the passive attenuation provided by the devices in response to low-intensity noise.
The amount of attenuation provided for low-intensity noise varied across devices with the Nacre
QuietPro providing the highest amount of attenuation followed by the Silynx QuietOps. The
Sennheiser SLC-110 provided the least amount of attenuation of the three devices. The
differences in attenuation values measured from the three devices are due to the seal of each
device’s ear tip to the ear.



6. References

American National Standards Institute (ANSI). Methods for Measuring the Real-ear Attenuation
of Hearing Protectors; ANSI S12.6-1997 (R2002); Washington, DC, 2002.

American National Standards Institute (ANSI). Specification for Audiometers; ANSI S3.6-2004;
Washington, DC, 2004.

Berger, E. H. Methods of Measuring the Attenuation of Hearing Protection Devices. Journal of
the Acoustical Society of America 1986, 79 (6), 1655-1687.

Franks, J.; Murphy, W.; Johnson, J.; Harris, D. Four Earplugs in Search of a Rating System.
Ear and Hearing 2000, 21 (3), 218-225.

Kuo, S.; Morgan, D. Active Noise Control: A Tutorial Review. Proceedings of the IEEE, 1999;
Vol. 87, No. 6, pp 943-973.

Oppenheim, A.; Weinstein, E.; Zangi, K.; Feder, M.; Gauger, D. Single-Sensor Active Noise
Cancellation. IEEE Transactions on Speech and Audio Processing 1994, 2 (2), 285-290.

Royster, J.; Berger, E.; Merry, C.; Nixon, C.; Franks, J.; Behar, A.; Casali, J.; Dixon-Ernst, C.;
Kieper, R.; Mozo, B.; Ohlin, D.; Royster, L. Development of a New Standard Laboratory
Protocol for Estimating the Field Attenuation of Hearing Protection Devices. Part I.
Research of Working Group 11, Accredited Standards Committee S12, Noise. Journal of
the Acoustical Society of America 1996, 99 (3), 1506-1526.



NO. OF

COPIES ORGANIZATION

1
(PDF

only)

DEFENSE TECHNICAL
INFORMATION CTR

DTIC OCA

8725 JOHN J KINGMAN RD
STE 0944

FORT BELVOIR VA 22060-6218

DIRECTOR

US ARMY RESEARCH LAB
IMNE ALC HRR

2800 POWDER MILL RD
ADELPHI MD 20783-1197

DIRECTOR

US ARMY RESEARCH LAB
RDRL CIM L

2800 POWDER MILL RD
ADELPHI MD 20783-1197

DIRECTOR

US ARMY RESEARCH LAB
RDRL CIM P

2800 POWDER MILL RD
ADELPHI MD 20783-1197

ABERDEEN PROVING GROUND

DIR USARL
RDRL CIM G (BLDG 4600)



NO. OF

COPIES ORGANIZATION

1

ARMY RSCH LABORATORY - HRED
RDRL HRM A JMARTIN

MYER CENTER BLDG 2700 RM 2D311
FORT MONMOUTH NJ 07703-5601

ARMY RSCH LABORATORY - HRED
RDRL HRM C A DAVISON

320 MANSCEN LOOP STE 115

FORT LEONARD WOOD MO 65473

ARMY RSCH LABORATORY - HRED
RDRL HRM DI T DAVIS

BLDG 5400 RM C242

REDSTONE ARSENAL AL 35898-7290

ARMY RSCH LABORATORY - HRED
FIELD ELEMENT

RDRL HRM DE DR HAWLEY

PO BOX 6366

FORT BLISS TX 79906

ARMY RSCH LABORATORY - HRED
RDRL HRS EA DRV JRICE

BLDG 4011 RM 217

1750 GREELEY RD

FORT SAM HOUSTON TX 78234-5002

ARMY RSCH LABORATORY - HRED
RDRL HRM DG R SPINE

BLDG 333

PICATINNY ARSENAL NJ 07806-5000

ARMY RSCH LABORATORY - HRED
ARMC FIELD ELEMENT

RDRL HRM CH C BURNS

THIRD AVE BLDG 1467B RM 336
FORT KNOX KY 40121

ARMY RSCH LABORATORY - HRED
AWC FIELD ELEMENT

RDRL HRM DJ D DURBIN

BLDG 4506 (DCD) RM 107

FORT RUCKER AL 36362-5000

ARMY RSCH LABORATORY - HRED
RDRL HRM CK J REINHART

10125 KINGMAN RD

FORT BELVOIR VA 22060-5828

ARMY RSCH LABORATORY - HRED
RDRL HRM AY M BARNES

2520 HEALY AVE

STE 1172 BLDG 51005

FORT HUACHUCA AZ 85613-7069

NO. OF

COPIES ORGANIZATION

1

ARMY RSCH LABORATORY - HRED
RDRL HRM AP D UNGVARSKY
POPE HALL BLDG 4709

BCBL 806 HARRISON DR

FORT LEAVENWORTH KS 66027-2302

ARMY RSCH LABORATORY - HRED
RDRL HRM AJ JHANSBERGER
JFCOM FE

115 LAKEVIEW PKWY STE B
SUFFOLK VA 23435

ARMY RSCH LABORATORY - HRED
RDRL HRM DQ M R FLETCHER
NATICK SOLDIER CTR

AMSRD NSCWS E BLDG 3 RM 343
NATICK MA 01760-5020

ARMY RSCH LABORATORY - HRED
RDRL HRM AT J CHEN

12423 RESEARCH PKWY

ORLANDO FL 32826

ARMY RSCH LABORATORY - HRED
RDRL HRM AT C KORTENHAUS
12350 RESEARCH PKWY

ORLANDO FL 32826

ARMY RSCH LABORATORY - HRED
RDRL HRM AS C MANASCO
SIGNAL TOWERS

BLDG 29808A RM 303

FORT GORDON GA 30905-5233

ARMY RSCH LABORATORY - HRED
RDRL HRM CU

6501 E 11 MILE RD MS 284

BLDG 200A 2ND FL RM 2104
WARREN MI 48397-5000

ARMY RSCH LABORATORY - HRED
FIRES CTR OF EXCELLENCE

FIELD ELEMENT

RDRL HRM AF C HERNANDEZ
3040 AUSTIN RD RM 221

FORT SILL OK 73503-9043

ARMY RSCH LABORATORY - HRED
RDRL HRM AV S MIDDLEBROOKS
91012 STATION AVE RM 348

FORT HOOD TX 76544-5073



NO. OF

COPIES ORGANIZATION

1

(CD
only)

ARMY RSCH LABORATORY - HRED
RDRL HRM DW E REDDEN

BLDG 4 CL 60

FORT BENNING GA 31905-5400

ARMY RSCH LABORATORY - HRED
RDRL HRM CN R SPENCER
DCSFDI HF

HQ USASOC BLDG E2929

FORT BRAGG NC 28310-5000

ARMY G1

DAPE MR B KNAPP

300 ARMY PENTAGON RM 2C489
WASHINGTON DC 20310-0300

ABERDEEN PROVING GROUND

DIR USARL
RDRL CIM G

S FOPPIANO
RDRL HR

T LETOWSKI
RDRL HRM B

JLOCKETT
RDRL HRM D

D HARRAH
RDRL HRS

L ALLENDER
RDRL HRS D

B AMREIN

10



NO. OF

COPIES ORGANIZATION

NO. OF
COPIES ORGANIZATION

1

SILYNX COMMUNICATIONS INC 2
P WALTON

9901 BELWARD CAMPUS DR

STE 150

ROCKVILLE MD 20850

SILYNX COMMUNICATIONS INC
G LIMONCHIK

9901 BELWARD CAMPUS DR
STE 150

ROCKVILLE MD 20850

SENNHEISER ELECTRONIC CORP
D DUNLAP

1 ENTERPRISE DR

OLD LYME CT 06371

NACRE US INC
B JBURNS
104 BUD PLACE
ABERDEEN NC 28315
30
ARNOLD ENGRNG DEV CTR
AEDC 716 TS
V S BJORN
740 FOURTH ST
ARNOLD AFB TN 37389-6000

DIRECTOR

AIR FORCE RSRCH LAB
R MCKINLEY

WPAFB OH 45431

USAARL

E REEVES

6901 ANDREWS AVE

PO BOX 620577

FORT RUCKER AL 36362-0577

USAARL

M HILL

6901 ANDREWS AVE

PO BOX 620577

FORT RUCKER AL 36362-0577

NVL SUBMARINE MEDICAL
RSRCH LAB

L MARSHALL

BOX 900 SUBASE NLON
GROTON CT 06349-5900

11

PROPONENCY OFC FOR PREVENTIVE
MEDICINE

DASG PM

LTCV TUTEN

STE 538

5111 LEESBURG PIKE

FALLS CHURCH VA 22041

ABERDEEN PROVING GROUND

COMMANDER

US ARMY CTR FOR HEALTH
PROMOTION & PREVENTIVE
MEDICINE

MCHB TS MHC

LTC E FALLON

5158 BLACKHAWK RD
BLDG E4435

APG MD 21010-5403

DIR USARL
RDRL HRS D

P HENRY (25 CPS)

R WEATHERLESS (5 CPS)



INTENTIONALLY LEFT BLANK.

12



